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Figure 1 . BWayer Resist Processing for MR Sensors 
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minimizing shadowing effects from hardbias material deposited onto the resist sidewalk and by 
eliminating the redeposition of milled material onto the resist sidewalls). In order to achieve 
higher areal densities in magnetic recording, e-beam lithography will likely be used to achieve 
the future linewidth resolution required for MR sensor trackwidth. Undercut resist systems 
compatible with e-beam resist chemistry will be required to form these MR sensors. Consider, ' 
though, that these trackwidths will be narrower than 0.2 ym. These trackwidths are so narrow 
that continuing with the present bilayer resist pedestal approach would require the amount of 
undercut to be signficantly reduced, which would adversely affect the liftoff processing. In 
addition, attempting to control the precision of the undercut to hundreths of a micron would be 
extremely challenging. 



Rguro 2. PMMA 7 PMGI Undercut Resist Structure with 
PMGI Removed in Critical Trackwidth Region 

Considering the aforementioned limitations of the present bilayer pedestal approach at narrow 
trackwidths. it is prudent to consider alternative processing techniques. One promising approach 
is the use of a suspended resist bridge. Suspended resist bridge technology was developed for 
defining tunnel junctions (G. J. Dolan, "Offset Masks for lift-off Photoprocessing, AppL Phys. 
Lett 31,337(1 977)), but could prove very useful for defining MR sensors. A folly suspended 
bridge provides the maximum amount of undercut possible tor a given trackwidth. In addition, 
the fully suspended bridge does not require the processing precision required lor defining a 
controlled pedestal undercut The literature contains several techniques for creating a fully 
suspended e-beam resist bridges. We have had good results using two polymer layers, with only 
the top polymer layer being sensitive to e-beam exposure and to die e-beam developer. 
Specifically, we have used PMMA as the top polymer and PMGI as the bottom polymer. 
Exposed PMMA dissolves in a solution of IP A and water. PMGI is not affected by this solution 
whether or not the PMGI has been exposed to e-beam energies. PMGI dissolves in a basic 
developer having concentrations of NaOH or KOR PMMA is not affected by this basic 
solution, This set of chemistries allows us to e-beam expose and develop the top PMMA layer 
without attacking the bottom PMGI layer and allows us to dissolve the bottom PMGI layer 
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without attacking tbe edges of the PMMA walls. This process sequence is illustrated in Figure 2. 
The sequence starts with the spinning of a PMGI layer and then a PMMA layer. The trackwidth 
image is exposed by e-beam and then the PMMA is developed in IPA and water The IPA/Water 
solution removes die exposed PMMA but not the underlaying PMGI material. Then the resist 
structure is placed in a basic solution like NaOH and water. Here the PMGI is dissolved and then 
with additional time in the basic solution the PMGI undercuts the PMMA wall edges. The basic 
solution does not attack the edges of the developed PMMA so a dimensionally stable undercut 
bridge structure results. The results of this work are illustrated in Figure 3, where MR sensor 
trackwidths have been formed using a PMMA/PMGI bilayer and e-beam lithography. Although 
a positive e-beam resist (PMMA) was used in this example, negative e-beam resists may also be 
used for creating suspended bridges suitable for h'thographically patterning MR sensor. 



Figure 3. TEM Cross-section of Sensor Fabricated 
Using Suspended PMMA Bridge 
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